Purpose To examine the association between sexual orientation identity and human papillomavirus (HPV) vaccination initiation and completion among both women and men. Methods Using data from the 2013 and 2014 National Health Interview Survey, we estimated logistic regression models for the association between sexual orientation identity and HPV vaccination initiation (C1 dose) and completion (C3 doses) among US women and men in relation to sociodemographic and healthcare factors. Analyses were restricted to individuals for whom the HPV vaccine was recommended at some point in their lives, namely women aged 18-34 years (n = 9,734) and men aged 18-31 years (n = 6,812).
Introduction
Human papillomavirus (HPV) is the most common sexually transmitted infection (STI) among women and men in the United States (US) [1, 2] , with the highest prevalence occurring among adolescents and young adults [2] [3] [4] . An estimated 3.4 million US women aged 15-24 years and 3.5 million US men aged 15-24 years were newly infected with HPV in 2008 [2] . Persistent infection with oncogenic HPV types (e.g., types 16 and 18) is necessary for the development of virtually all cervical cancers and contributes to a substantial proportion of vaginal, vulvar, anal, penile, and oropharyngeal cancers [1, 3, 5] . In the United States, an estimated 26,000 cancers are attributable to HPV infection annually, with 17,000 occurring among women and 9,000 among men [1] .
While the HPV vaccine is approved for use starting at age 9 years, the Advisory Committee for Immunization Practices recommends HPV vaccination for girls and boys aged 11 or 12 years to prevent HPV infection and related cancers later in life [1, 6] . Catch-up vaccination is recommended for all girls and women aged 13-26 years, all boys and men aged 13-21 years, and men who have sex with men (MSM) through age 26 years [1, 6] . Uptake of the HPV vaccine has been slow, and, despite recent progress, coverage remains below Healthy People 2020 targets of 80 % for HPV vaccination completion among US adolescents [1, [6] [7] [8] . Indeed, in 2014, the prevalence of HPV vaccination initiation and completion among girls aged 13-17 years was only 60.0 and 39.7 %, respectively [9] . HPV vaccination prevalence estimates were even lower among boys aged 13-17 years at 41.7 % for initiation and 21.5 % for completion [9] . Among young adults aged 19-26 years, the prevalence of HPV vaccination initiation was only 40.2 % for women and 8.2 % for men [7] .
Sexual minority men and women (i.e., individuals who self-identify as lesbian, gay, or bisexual and/or have samesex sexual partners or attractions) are at risk of HPV, which can be acquired during sexual contact (e.g., penile-vaginal, penile-anal, genital-oral, digital-genital, genital-sex toy) with partners of any sex or gender [10] [11] [12] [13] [14] [15] [16] . Sexual minority women may be at higher risk of cervical cancer than heterosexual women because of a higher prevalence of smoking [17] [18] [19] and sexual violence [20, 21] , lower prevalence of regular Pap test use [22] [23] [24] [25] [26] , and higher risk of HPV infection (among bisexual women) [14, 17] . Further, studies have shown that sexual minority men are at higher risk of HPV infection and anal cancer than heterosexual men and men with only female sexual partners [27] [28] [29] .
Despite this evidence, few studies have investigated HPV vaccine uptake among sexual minority adolescents and young adults [30] [31] [32] [33] [34] . In order to address this notable gap in the literature, we recently examined the association between two dimensions of sexual orientation [35] , sexual orientation identity and sex of sexual partners, and HPV vaccination initiation among US women and girls using 2006-2010 National Survey of Family Growth (NSFG) data [33, 34] . However, our previous studies did not examine sexual orientation disparities in HPV vaccination completion, which the NSFG did not assess and may be most relevant to the prevention of cervical and other HPV-related cancers. Moreover, no study of which we are aware has examined the relationship between sexual orientation and HPV vaccination initiation or completion among US men and boys using appropriate comparison groups [30] [31] [32] . Thus, the present study investigates the association between sexual orientation identity, one of the main dimensions of sexual orientation [35] , and both the initiation and completion of the HPV vaccine series among not only women but also men in the United States.
Methods

Study participants
We analyzed data from the 2013 and 2014 waves of the National Health Interview Survey (NHIS), which used a stratified multistage sampling design to establish a national probability sample that is representative of the civilian noninstitutionalized US population (response rates: 81.7 % in 2013 and 80.5 % in 2014) [36] [37] [38] . NHIS collects crosssectional data on children's and adults' health status, health behaviors, and healthcare access and utilization through face-to-face interviews administered by trained US Census Bureau employees using computer-assisted personal interviewing (CAPI) [36] . For this analysis, we used data from 2013 and 2014 NHIS sample adults (n = 34,557 in 2013 and n = 36,697 in 2014)-namely, individuals aged 18-64 years who were randomly selected from each eligible family in the sample [36] [37] [38] . We restricted our analytic sample to adult US women and men for whom the HPV vaccine was recommended at some point in their lives. Because the HPV vaccine has been recommended for use among girls and women aged 11-26 years since 2006 and boys and men aged 11-26 years since 2009 [39] [40] [41] , we restricted our analyses to women aged 18-33 years in 2013 and 18-34 years in 2014 (n = 9,734) and men aged 18-30 years in 2013 and 18-31 years in 2014 (n = 6,812).
Measures
The outcomes in our analysis were HPV vaccination initiation and completion. The 2013 and 2014 NHIS assessed HPV vaccination initiation by asking sample adults aged 18-64 years if they had ever received an ''HPV shot or vaccine'' (coded as yes or no, which included ''doctor refused when asked''). The survey also asked sample adults aged 18-64 years who reported having initiated HPV vaccination ''how many HPV shots'' they received (coded as not having completed HPV vaccination, i.e., received less than three shots, or having completed HPV vaccination, i.e., received at least three shots). The key predictor was sexual orientation identity, which is one of the main dimensions of sexual orientation along with sexual attraction and gender or sex of sexual partners [35] . Respondents were asked whether they thought of themselves as lesbian or gay, bisexual, or ''straight, that is, not lesbian or gay'' (i.e., heterosexual). Additional response options included ''something else'' and ''I don't know the answer.'' Women (n = 127) and men (n = 68) who selected ''something else'' or ''I don't know the answer'' (n = 77 women, n = 45 men) or refused to answer the question on sexual orientation identity (n = 50 women, n = 23 men) were excluded from our analysis due to their small sample numbers in our study.
We used the existing literature and ecosocial theory [42] [43] [44] , which led us to conceptualize sexual orientation as a dimension of social inequality and investigate the pathways through which inequities related to sexual orientation are embodied in the form of health (biologically) and healthcare (behaviorally) inequities, to guide the choice of covariates potentially acting as confounders or mediators. Covariates, shown with their categorization in Table 1 , included sociodemographic factors (i.e., race/ ethnicity, nativity, geographic region, relationship status, educational attainment, and employment status), which we conceptualized as potential confounders, and healthcare access and utilization indicators (i.e., health insurance status, usual place of care, and number of healthcare office visits in the past year), which we conceptualized as potential mediators of the association between sexual orientation identity and HPV vaccination initiation and completion among young adult US women and men.
Among women aged 18-34 years who self-identified as heterosexual, bisexual, or lesbian or gay, the proportion of data missing on HPV vaccination initiation and completion was 3.7 % (n = 371) and 2.0 % (n = 200), respectively. Moreover, 5.0 % (n = 353) and 1.3 % (n = 95) of men aged 18-31 years who self-identified as heterosexual, bisexual, or lesbian or gay were missing data on HPV vaccination initiation and completion, respectively. The proportion of missing data for covariates was small (B0.45 % among women and B0.88 % among men).
Statistical analysis
We first estimated the prevalence of HPV vaccination initiation and completion, sociodemographic factors, and healthcare access and utilization indicators overall and by sexual orientation identity among all women and men and among those who had initiated HPV vaccination. Further, we used multivariable logistic regression to model the association between sexual orientation identity and the odds of HPV vaccination initiation and completion (overall and among initiators only), adjusting for sociodemographic factors (i.e., potential confounders; Model 1). We then entered healthcare access and utilization indicators (i.e., potential mediators) into the models (Model 2). All analyses accounted for the complex survey design using the weights provided by NHIS staff and the ''svy'' commands in Stata, version 13 (StataCorp, TX). Table 1 presents data on the percent distribution of US women aged 18-34 years and men aged 18-31 years in relation to sociodemographic factors and healthcare access and utilization indicators by sexual orientation identity. Compared to heterosexual women, bisexual women were more likely to be white, US born, never married, have visited a healthcare provider's office 13 or more times in the past year, and initiated HPV vaccination at the age of 12 years or younger. Lesbians were more likely to be black, US born, never married, and uninsured relative to heterosexual women. Further, they were more likely to have made no visits to a healthcare provider's office in the past year and less likely to have a usual place of care than heterosexual women. Compared to heterosexual men, bisexual men were more likely to be white, US born, never married, and insured and to have acquired some college education, made 6 or more healthcare provider office visits in the past year, and initiated HPV vaccination between the ages of 13 and 26 years. Additionally, gay men were more likely than heterosexual men to be US born, never married, and insured and to have acquired a bachelor's degree or more, have a usual place of care, made at least one healthcare provider office visit in the past year, and initiated HPV vaccination later than 26 years of age (Table 1) .
Results
Among women aged 18-34 years, the prevalence of HPV vaccination initiation and completion was 28.9 % and 17.8 % (67.7 % among initiators), respectively (Tables 2  and 3 ). Among men aged 18-31 years, the prevalence of HPV vaccination initiation and completion was 6.6 % and 1.8 % (35.3 % among initiators), respectively. Among all women, bisexual women were significantly more likely than heterosexual women to have initiated (43.1 % vs. 28.5 %, p = 0.0003) but not completed vaccination. Lesbians were no less likely than heterosexual women to have initiated HPV vaccination but were significantly less likely to complete the series compared to their heterosexual counterparts, both overall (13.6 % vs. 17.8 %, p = 0.007) and among initiators (47.2 % vs. 68.0 %, p = 0.04). Among all men, we observed no statistically significant difference in the prevalence of HPV vaccination initiation or completion between neither bisexual nor gay and heterosexual men (Tables 2 and 3 ). Among men who had initiated vaccination, bisexual men were significantly more Table 1 Percent distribution of young adult US women (n = 9,734) and men (n = 6,812) by sexual orientation identity in relation to sociodemographic and healthcare factors Among all men, we observed no difference in the odds of initiating or completing HPV vaccination between bisexual and heterosexual men, adjusting for sociodemographic factors (Table 3 , Model 1). In contrast, gay men had significantly higher adjusted odds of HPV vaccination initiation (2.03; 1.17-3.52) and completion (3.90; 1.68-9.06) compared to heterosexual men (Model 1). Among men who had initiated vaccination, bisexual (20.92; 2.34-186.73) and gay (4.36; 1.28-14.83) men had significantly higher adjusted odds of completion relative to heterosexual men (Model 1). Including healthcare access and utilization indicators in the models attenuated these odds ratios (Model 2). However, given the small number of bisexual and gay men who initiated and completed the HPV vaccine series in this study, odds ratio estimates for these groups are unreliable and should be interpreted with caution.
Discussion
This paper presents novel findings pertaining to the association between sexual orientation identity and HPV vaccination initiation as well as completion -which, to our knowledge, had never been assessed and may be All estimates are adjusted for the complex survey design. Percentages may not add to 100 % due to rounding error Analyses were restricted to US women and men for whom the human papillomavirus (HPV) vaccine was recommended at some point in their lives per HPV vaccination guidelines at the time of the study and identified as heterosexual, bisexual, or lesbian or gay Percentages are based on distributions that do not include missing data. The proportion of missing data for covariates was small (\1.0 %) a Only applies to those who initiated HPV vaccination (n = 2,536 women, n = 433 men) particularly relevant to the prevention of cervical cancer among young adult US women. Moreover, by identifying the direction and magnitude of sexual orientation identity disparities in HPV vaccination initiation as well as completion among young adult US men, our study addresses a notable gap in the literature and will help inform future HPV vaccination interventions for boys and men. Specifically, we found that, among all women, bisexual women had significantly higher adjusted odds of HPV vaccination initiation and completion than heterosexual women, whereas no difference was apparent between lesbian and heterosexual women. Among women who had initiated vaccination, lesbians had significantly lower adjusted odds of completing the HPV vaccine series than heterosexual women. Further, gay men had significantly higher adjusted odds of initiating and completing (overall and among initiators) HPV vaccination relative to heterosexual men. Among men who had initiated vaccination, bisexual men had higher adjusted odds of completion than heterosexual men. However, given the small number of bisexual and gay men who initiated and completed HPV vaccination in this study, HPV vaccination completion odds ratio estimates for these groups are unreliable and should be interpreted with caution. In sum, our findings suggest that young adults presumed to only have female sexual partners-namely, lesbian women and heterosexual men-may be less likely to initiate and/or complete the HPV vaccine series relative to those presumed to have male sexual partners-namely, bisexual women and gay and bisexual men. There are several reasons why bisexual women may have significantly higher adjusted odds of initiating and completing HPV vaccination compared to heterosexual women. Other studies suggest that sexual history factorssuch as earlier average age at first sex and a higher average number of sexual partners, including male sexual partners [45] -may contribute to bisexual women taking a more active role than heterosexual women in seeking preventive sexual health services (such as the HPV vaccine) and bisexual women's caregivers and providers encouraging them more than heterosexual women to obtain such care. Further, it is possible that, because of higher levels of routine sexual and reproductive health services use [22, 45, 47, 48] , bisexual women and girls have more opportunities to initiate and complete the HPV vaccine series relative to their heterosexual peers. Moreover, the pervasive societal stereotype that bisexual women are sexually promiscuous [46] may influence healthcare providers' decision to recommend and provide the HPV vaccine and other STI prevention services [22, 47, 48] to bisexual women more frequently than heterosexual women, regardless of their individual sexual risk.
The present study's finding that lesbians were no less likely to initiate HPV vaccination than heterosexual women differs from that of our prior study, which found Analyses were restricted to US women and men for whom the HPV vaccine was recommended at some point in their lives per HPV vaccination guidelines at the time of the study and identified as heterosexual, bisexual, or lesbian or gay
Percentages are based on distributions that do not include missing data HPV vaccination completion refers to receiving 3 or more doses of the vaccine that lesbians aged 15-25 years were significantly less likely than their heterosexual counterparts to have initiated HPV vaccination [33] . The two studies' disparate findings may be due to the fact that our prior study used data from the 2006-2010 NSFG, which were collected before the implementation of the Affordable Care Act (ACA). It is possible that the ACA, which requires coverage of the HPV vaccine with no cost sharing and involved the expansion of Medicaid in some states [49] [50] [51] [52] [53] [54] , may have facilitated access to the HPV vaccine among lesbians, who had a lower prevalence of health insurance and access to health care than heterosexual women [55] [56] [57] , and thereby reduced HPV vaccination initiation disparities between lesbian and heterosexual women over time. Additional quantitative and qualitative research is needed to elucidate why lesbians who initiated HPV vaccination had significantly lower odds of completing the series than their heterosexual counterparts-especially since healthcare access and utilization indicators did not help explain this difference. The prevalence of HPV vaccination was very low among men in general and heterosexual men in particular. This is concerning because, contrary to the perceptions of many healthcare providers, adolescents and young adults of all genders and sexual orientations are at risk for HPV infection through a range of penetrative and non-penetrative sexual behaviors with partners of any sex or gender [11, 62] . Other studies suggest that heterosexual men may have especially low levels of HPV vaccination because gender norms (i.e., hegemonic masculinity) may preclude them from obtaining health insurance and seeking health care [58] [59] [60] , which in turn undermines their ability to receive the HPV vaccine. In the present study, heterosexual men were more likely to be uninsured, have no usual place of care, and not have made a visit to a healthcare provider in the past year compared to gay and bisexual men, which may lead to fewer opportunities to obtain the HPV vaccine among men in this sexual orientation group relative to their sexual minority peers.
The initial HPV vaccination guidelines [61] , which did not recommend vaccination for men, and the current set of guidelines, which recommend HPV vaccination up to age 21 years for all men and up to age 26 years for MSM only [6, 41] , may have inadvertently promoted the belief, among [63, 64] . Similarly, health education and communication campaigns promoting the prevention of STIs, including HPV vaccination initiatives, have often specifically targeted sexual minority men [64] . Thus, gay and bisexual men and other MSM may have more opportunities to receive and learn about the HPV vaccine compared to their heterosexual counterparts and peers with only female sexual partners. Our findings should be interpreted in light of some limitations. First, the number of sexual minority men who had initiated and completed HPV vaccination in our study was small. As a result, estimates of HPV vaccination completion among bisexual and gay men overall and initiators in particular are unreliable and should be interpreted with caution. Second, the 2013 and 2014 NHIS collected data on a single dimension of sexual orientation (i.e., sexual orientation identity) and does not provide information on the gender or sex of individuals' sexual partners [35] , which may be discordant with sexual orientation identity and particularly relevant to sexual health care. Third, NHIS does not include measures of several factors that may help explain sexual orientation disparities in HPV vaccination among women and men, such as individuals' sexual history, HPV risk perceptions, and provider recommendation of the HPV vaccine. As a result, we were not able to assess the influence of these potential mediators in our study. Health insurance status, usual source of care, and number of visits to a healthcare provider's office in the past year only helped explain sexual orientation identity disparities among men-and often only partially. Thus, more research should be conducted to identify the factors that underlie sexual orientation identity disparities in HPV vaccine uptake among women and men in order to inform evidence-based interventions that promote initiation and completion of the series among all sexual orientation and gender groups. Lastly, it is important to note that, although the prevalence of HPV vaccination initiation and completion was highest among bisexual women, we had no information on the quality of this group's interactions with healthcare providers when receiving the HPV vaccine; thus, additional research is needed to assess bisexual women's and girls' satisfaction with patient-provider communication during these clinical encounters.
The present study extends existing research by ascertaining the direction and magnitude of sexual orientation identity disparities in not only the initiation but also the completion of the HPV vaccine series among both US women and men using appropriate comparison groups. Our findings show that the prevalence of HPV vaccination initiation and completion was well below Healthy People 2020 targets among young adult women and men overall. Thus, interventions are needed to promote awareness of and access to the HPV vaccine among all adolescents and young adults, regardless of their gender or sexual orientation identity. In particular, targeted efforts that facilitate HPV vaccination initiation and completion among men and boys, who remain especially underserved, are warranted. Additionally, our results suggest that HPV vaccination promotion campaigns should explicitly address sexual orientation disparities in HPV vaccine uptake among both female and male adolescents and young adults. Specifically, programs that facilitate the completion of the HPV vaccine series among lesbians once they initiate vaccination are needed. Moreover, interventions that raise awareness of and access to HPV vaccination among gay and bisexual men continue to be warranted, as are initiatives geared toward the needs and experiences of heterosexual boys and men, who were the least likely group in our study to obtain the vaccine. Lastly, educational programs are needed to ensure that healthcare providers recommend the HPV vaccine to all adolescents and young adults and that parents and caregivers are aware of the critically important role of HPV vaccination in preventing HPV infection in the short term and HPV-related cancers in the long term. Together, these interventions will help promote HPV vaccine uptake among all US adolescents and young adults while also addressing sexual orientation identity disparities among both women and men-which will in turn ensure that no individual has to live with or die from a preventable HPV-related disease and help reduce unnecessary suffering.
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